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(54) MAGNETO-RESISTIVE ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magneto- 
resistive element, where a sufficient amount of tunnel 
current can be applied to a ferromagnetic tunnel 
junction, and high rate of change of MR (magneto- 
resistive) can be obtained. 

SOLUTION: The element has a ferromagnetic tunnel 
junction 21, and domain control films 214 and 215. 
The ferromagnetic tunnel junction 21 includes an 
insulating film 210, a first ferromagnetic film 211, and 
a second ferromagnetic film 212. The first 
ferromagnetic film 211 and the second ferromagnetic 
film 212 are laminated with the insulating layer 210 
therebetween. The domain control films 214 and 215 
are provided adjacent to both ends of the first 
ferromagnetic film 211. 
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(54) bsk©***] 



(57) [gift] 

[P^^©] 8«t£ h >*;Hfi§rgB 2 1 i:, SSEfW 
12 14, 2 1 5 t$ft5. &MVkh >*;Mg^35 2 

ltt, !6*iJgS2 1 Oi:, SUO&SB&JII2 lit. Sf§ 2 
1 2 h£^tr. miffl^«SttJK2 1 1 t& 
2<D&M& 2 1 2 i:#*fiiS#JB£2 1 0*/Mtll?Ht 
^5. 1 4, 2 15lt il©iSttI2 

1 1 (Dm<®mcm& i,xf®v btix^Zo 




1 

aaiB«Jt!fi»ttJKtt. Co^t^5lgg«^ 

iuffiC od&t*. CoPt. CoPtCr. CoPtTa, CoCrTa^feii 
CoPtTaCra»*>»«£;h,&*Pfc< kt)-iT3&5BSfiR 

[M 7 ] M«J9 6 fcfB«* tu&ttftaift***? 

iuf3Mn£*£teu FeMiu NiMn, PtMiu RuMiu RhMn, IrM 
l»lB»ft»*E»«tt*mHU NiO, NiCoO*&J4Fe20 3 

T-fc^a^atta**?. 



( 2 ) !RfiB¥ 10-255231 

2 

i i ] i o tna«s*t&««aia»jR 

[gs*s 1 2 ] H«jg i ^mmztitiM^t&tjimmm 

j<? 1 3 ] i 2 t:f3«sftfc««aia3tt* 

1 6 ] m&m i 4 £f3*£ftfc«sa«i$fl* 

30 nm^fatmmx'&zM^niK^m^o 

im&m i 7 ] m&m i 75s i ecoffitifrizs&mzti 

IaaEffl^^)M©fst , t^nrv^^v^^^KSJ^^4, Sybase 

[«*B 1 8 ] Hf;£JI 1 7 £ffl«£*lfc»«aia»SI 
40 [IS^« 1 9 ] St*Jg 1 7 £SE«Sft&«»aiaaft« 

im#m 2 o ] w#j@ i 7 tta»?*ifcaMait«j« 

buIBSI l©*«ffi«SVHuffl»2©3a«ffi«©-5%s fu 
I3^E^J»M^<l^^^attM©^b§^ffi^a5EPiP 

mo^bs^M^^^wsa^^fRi^^^^s^aMa 

50 IS***?. 




3 

[fflsRJH 2 2 ] SsRJH 2 1 tcIB»£ ft&»SffiJfi*&S 
ffilBI6S«£<fc5^U Ttff 1 1 . 5 -2. 5 

e v © $5 a s z & m ny& js & * ^ ? • 

2 3 ] m&m 2 i iciafc^ nfc«a»tn;»« 

[§g**PI2 4] tf;£JS2 1 £ffi*£ftfc«S«tfi»jfi 
fiuffi«6S»Mtt. iSJBt^tc^jfl^^T 4 0- 1 0 0°C 

2 5 ] m&m 2 i £13^2 ftfeasusifiaa 
[ib*js 2 6 ] m^m 2 i tcsa*;* n/t«M«sta&« 

[M«£2 7] »«fiK;J»«*?4#-r5K«^^ H 

[0 0 0 1 ] 

HfcHTSo 
[0 0 0 2 ] 

Fe*<0AMR»*K*^T^3fc». 8S,filni (M 
R) £fb^#»2%. m&ttO. 5%/0ehf£Oo C£>fc 

[0 0 0 3 ] C©<k-5 3&5at:/fi^SSil5i:l/Ts 5S 

tt*©AMR»«J:5*:S35;Blft«ln;aEfts 
*<S!)4>T?*u *hfWWI/r (SV) JRSJa^fcGMRjft 




( 3 ) ftm* 1 0 - 2 5 5 2 3 1 

4 

»«t"T?**K 2--5X/0e<OJB«SJK3& i RFtt*^r&&!>, * 
[0 0 0 4 ] GMRSgjJRfcfcfcS'Jfc. &$&tlJ8t/#e 

to, 1 OGbit/inch 2 i^±©^i^^S^M12^^^(t^^ 
H i: It qTSEtttfftSo S.Maekawa and V.Ga 
fvert^te. IEEE Trans. Magn., MAG- 18, 707(1982)£ 

[0 0 0 5 ] WIIB¥4^42417-5&«tt, ^E$Sf£ b>*)l 

[ 0 0 0 6 ] ^§ii^4-103014^&l8&, 
5. 

[0 0 0 7 ] T.MiyazakiXtfN.TezukaSSteU J. Ma 

gn.Magn.Mater,139(1995)L231tC:fcO"^ Fe/AlgOs/Fe 

b>*;u»'S-eSiat*5^TMR*fb*i 8%^»e>ti 

fei:ISgUTM§o Sfcx M.Pomerantz,J.C.Sloczewski 
SVE. Sp i 1 lerWi , Fe/a-Carbon/FeJBI lZ^>^X 

[0 0 0 8 ] L^b&#*>. Cti^T-^S^ti^^®^ 

42417^&^fi$n;fc|R-?fc)U SifiSffiH >*;U«I*«* 
fflv^fcKaatft»**?^«'>*»**fb*KlBKt:* 

*fcJ: tJBfb^lRitf^b'J-sattJitt, ®^b[Hl^^-^r 
izmzz <t-5{cH*tt^«^ifi*'h* < b> 
Efb-rscfc*s i fijfi't?*5i:^*ixTv>5o ^<*^J{- 

*»E{b*rsi:«g$nTv^5o 

[0 0 0 9 ] L^b^^^, Z<D£?lZLXmX&frWli 
50 ;^-->yut, jR+MHzJU±©S5a««»T»f¥* 



5 

[0 0 10] «©AMR®Sa 7 h'^^ tf >^>7G 

;i/^/\r>-tf >y ^ X£Kj£T3^&#I§^;**xTu& 
(£r*n*lK : *S#fF5, 018,037, ^&¥8-21166^& 
IB) o ttEffifllMaASSB^®M«ISB 

[ooii] sa»tth>*;us^tt, ^icD^ 

[0 0 12] fcis. *«Wt*»5SI»tth 
[0013] 

[0 0 14] j£fSm<Dt>5T}£-D<DWLmit. £&<D1&^ 

[o o 1 5] *«w©$^ic*»-5— o©ajHtt. y-rx 

[0 0 16] 

;uS^-SBi:, B^fHSPiK luiaai«ffih>* 
;i/S^SB«±. Igllt, 3! 1 ©StflSttKi:, U§2©&® 

Mi:^^ i<D&M&m£mzm2<D&m& 
aunt** ^ i©»«ttKsvH!iia*2©3fi«ttM©f5fix 
[0017] ±aiOia(c. M&mmm&m i<d&m& 

IS bTKttfcftT^ £ 1 2 © 



(4) mm*l 0 - 2 5 5 2 3 1 

6 

[0 0 18] b*p&, i&EfTOJgiiclcJ; 5s ^[ESiimiMcr) 

[ 0 0 1 9 ] «F'S u < tt. fflffiSB 1 

[0 0 2 0] C©«igtcJ;n«* ^lCD^KttMS^ 

^bCDfpl^h^ 2 ©»»fliJR<Z>«Yb<0iei g ten UT. ffl*f 

nmMib&£.t$-&zz.£&x%z>o *sb« 

»£*fbT\ S^^BttMoBYbSSn^SiBj:^ 
t: >±tf)3ii«tt«©*ftiS»tt#¥ff i: & -5 cfc o fcffcS 

«#» *>nsi:±Uc, *A-Xfc»{b£«#fr*:*>*u 

o 

[0 0 2 1 ] 

*?**5SWK^r»«H. 0 2f±Hl©2-2S£ie 
ofeffili, B3liH 1CD3 - 3«8(C}&o&ISfffiHT-fe 

li, BHKttb>*;Mg'&SS2 1 fc. SSESJfflIM2 1 4, 
2 1 5 kL*m?Z>o Mlth>*;^S2 ltt. 
JK2 1 Oh, SSl©3S«ffiK2 1 1 m2<D&m&m 
2 1 2h^o !gl<£>&SSttJgl2 1 lRVm2<D&M 
ffii»2 1 2te*g*iM2 1 0©MJCil^ntUI)c £ 
n^(^JEl^^^^S>K4±^S^$tlTV^So &IZ 

mmm 214. 21511 mi 2 1 1 ©pag 

40 »«ttM2 1 1 ftM^sBaaitjfctbTWb^iRitfa* 
tK<brsafi»«tttiRi:L/, I2©smi2 1 2^ 
«a>^w«»tc»bTafb^ia^»^^^fcr>±a&3fiK 
bfea^jcot^tsi^-rso 

[0 0 2 2 ] <»KfPJ»>^©»©«ft«lS»** : Ft 
*J^T, 3S«Sb>*;i/ig^S2 ltt, ««Ba«JBtt^< 

Bm^- KT-OKfbSJEASffl^W^SSSEb, >^fX^ 
50 4tSo * 1 ©5Si«tt«2 1 l©iKiB3B£, 



It >t „ I 
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KfflWM 2 14, 215 * Jgflt U m 1 ©SSflBttflSI 2 1 

[0 0 2 3 ] 14(ii 1 -B3 tC^Lfc«affiia«)»a 
mHtf#(D£%^ S2 08BSI2 1 2 ©Bfbcoft # M 

2&, WJ!iD**i5^s»aHt»L'r5pfTi:«;s^iSitc 
tr>±^^nTv>^-fec7)i:rSo «i©&«ttj«2 1 1 

©KfhOfilSM ltt, »ESJaBJK2 1 4s 2 1 5 £ ct 

3nas<4M2 i 2©«>^b©filtM2^i*^bb3&v^*s. !f§ 1 
©^«stt^2 i i©«Yb©iRitMitt, mfL\*nm.oi* 

[0 0 2 4 ] C<E>£?&BE$iJWJil2 14, 215^1 
1©^IM2 1 1 CD^^(cKSLTl£i*£nT^£ 
^ l'©5ft«teJ«2 1 lOTi20MI2 1 2 

[0 0 2 5 ] brfptu 14,21 SCDfifx. 

&nfc» i©siflsttj»2 1 i*. ¥-m\zttmiz-rz d 

[0026] mmmmm2 14, 215 iibTtt, ®s 
MI2 14, 2 1 5*«tf-ra«ssfcBtt«fcb;t 

MU *»SaJmt<fcS#«4 IB lkOeJ!U± 

CoS^aSKs *T*&CoPt, CoPtCx\ CoPtTa, 
CoCrTa, CoPtTaCrfc * 6 

[0 0 2 7 ] Sfc, ^*t6©««iS»tt«l©««*4* 
St5Cr, Mo, W, Ta, Z r JkXfZ tl *>(D&&& 



( 5 ) ^Hf§¥ 1 0 - 2 5 5 2 3 1 
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[0028] m&wmm 214, 2 1 5 ^ lts stats 

JR*ffl^sa-&tt, * 10SiiKttM2 1 1 fccDXlftlB^ 

[0 0 2 9 ] sas«tt*f»i: LTlis &«S*r#4i:»{b 

Mn&if©Mn2R-&£^>CrAK CrSb& £T© C r 3v&^4fli 
10 i^©^J:Oo S<b«j«SSiiKtt»»i:OT(iNi 
0, CoO, fe 2 02te£$:m^tl&JL^o «tc*?£ U^©tt 

f# i:#T^5o L£>L&#£>, Mn 

12 6 £*s-$-<fc-5^ S3S«ttK"e3&5KK9J»JH2 1 
4, 2 1 5#, 3a«tth>*;i/»^S2 l©#-«Ett 

JBt-r^*si«)3»»ffiM2 i i±£»-r*«i6«c-r5 

20 J^2 14, 2 1 5©±fcSBl©St»fflBt2 1 1 *«»T 

[0 0 3 0 ] <«^bH«*®>»«tth>*^»da2 
l©«aa*t*fbtt, *lCD3SaSttM2 1 1X15^2© 
SIM2 l 2 S£oT, 
BSSl^y K©<t5fc:«iWB»"r-i«ai*, **«t*© 
il©3llSI2 1 l©Bfb# 
[SIM 1 ts *2CD3Si»ffiJK2 1 2tf>a{b#rnJM2 

KD&M&m2 1 loHKbSStt^Sifi. t?>it#>3£B 

i4«"r-*sS2CDssnBttM2 i 2 ©sstttf^frfcfcs 
[ o o 3 2 ] m i cD«flsH**att. a 

1 ®^IM2 1 1 «ffifijB^eDttKiftttffiM«M 

If >±»Sl»ffiJ»t?»5«2©SattttJ«2 1 2 fCi§ 

[0033] B8tt, mi (Dmitm^^mm 
^^^©ssii-^MffiJn; (mr) *fb*«ptt*^-ria^ 

l©^t4j^2 1 1 CD«fls<Z>|£0S, XV, S2 08ie 
12 1 2CDSSfb©fqIt^^n^n^UTV^-So EPSP®^ 
H*. (-H2) «fc!)*ffi^ffi*&«^£;fcg < L 
Tl^<h, <KftttATftdSA3fltt(£M2 1 1H:B4I 

(+H1) T-^fb^S-TSo 9Jjtott»H*M£:*:*< b 
TO< ii5«^^T-*Sfcf>±^^SSttJK2 1 2^SS 

5^ a ( + H2) T-Bfbse-rs. sale, mummii*. 
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«»H2 j:?3ia^«i*»6»/?tcfs< lt^< mm 

(-HI) *J«tV (-H2) "C3ft«ttlM2 1 1, 2 12 

[0 0 3 4 ] miP^^H^ I H 1 | < H < I H 2 I 
£$eHT% Sl©ilftI2 1 lc^^fbcDfpl^h, £2 
CD3SKttK©»fb©lRl*ttS¥fT^35: 9JftHB«H# 

I HI | >H*5,ttJ e H> I H 2 | ©leHT-iBflj©!*!*** 

Kfb©ra#AS5ptfttS8T**5i:S/h#< «cSo 
»{b©ia##¥fTT*£B$©SiafiIR s «tfb©|n]£ 
^^¥fr^ ^>¥ff ~^{b Isfz t *©«lfi©*fb# A R<£> 
It (AR/Rs) ^MR^fb^i:^^ Cft££!)fl*8B 

[0 0 3 5 ]I2 <B«flsB£¥afclU £ 1 ©aMBttJK 2 

1 iatf*2©3S«ffiK2 1 2©i^#±t, RKSfiBSm 
££oT«/au br>jhto3a»(4M7?»sB2<3D««tt 

j^2 1 2 fc«fbHs«*«Jiu $2^1^12 1 2 

©Kfb©fiIg*H^-rs*i£TftS. B 9 ttSI 2 ©«fls 

-MR«fls*«tt**rBSTfc£. *«»«iSTfttSS 
»»t£K©##»ftiS«EU »-fbHSMi:S£«Wg^bfc 

C©»^J4. liH^+H5< 
H< + H 6 ©aSHTfiS^MRSEYb^^W&tlSo 

[0 0 3 6 ] ±iEb*:«fco3&B5B*?6fc"rfcto© 
Kfb'a«*S©R«:Mt^^TiBK-rs 0 

[0 0 3 7 ] BftISM2 1 6 iiUTfdU &&Mt)(Dm 

«£{bB/£§l2 1 6Mi2©MfiM2 1 2 

©MM2 1 2<D'«ft©iaS#H£<**u fcr>±*M£ 
WSMfcfcS. Ifti^I2 1 6 i:Ut, S»«ffiM« 

mutzm&ttz, KfbH*«2 1 6arr»2©ss«tt« 

2 1 2©IBfcfi»»tt«l-Si«ttK*c<fc-5*akilSd* s ^ 
fc. £2<Z>ttB1£ftt2 1 2©Bfl5<DiaS#H**t'U 

[o 0 3 8] bra, co^, 

CoPt, CoPtCi\ CoPtTa, CoCrTa, CoPtTaCr& if 

*JH^S3iatt»»©«lttMn^-t?»S. ^Jffl 
T'^Mn^h LTttFeMiu NiMn, PtMn, RuMn N RhM 
n, IrMn, PdMn&tf^n*> C^**(f5 C t 
-5c »{bft*E»»tttm<0«lli, NiO, NiCoO, Fe 2 0 3 , 
CoOT*&3o 

[0039] si ott^^fciaaaaaiaas*?^ 
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*5(tS3S«tth>*;i/S!^'SB2 1 cD^JcD^J^^-T^fM 

01 niBiooi 1-1 lSfci&ofciBfffiia. m 

1 2 ted 10©12-12 JBti&ofcBfffiia, B13tt 

no-ii2 ic^u3feflss,«ia3a«*^<z) h >*^a 

[0 0 4 0] ;:©3MS«T?tt. «2 09fitt{£M'2 1 2* 

id3&«tt£ti:L. mi(D%LM&m2 1 l£^>it#)& 
J0 attMi:^--5o i2©MftI2 1 2CDffl*«lc, IE 
^JW^i:^^^IZ^IfflJj^2 1 4. 2 15e«T5o^ 
SBfflan«»H£*fU glCDSlffl2 1 l©«fb§» 
«tt¥frSlRU ^2cD^«ffiM2 12®SMBHBi 

M2 1 ltt^a«»Ht»U»ftMl*sB^*n. £ 
2<5D38ttffi«2 1 2tt*»«»HK#U«fb;Sl&M2# 
gE&£^fbU#£o d 1 -0 3 iZjfsLfcm 

[0 0 4 1 ] mi 4tt##B«3£«£flS£l^y 

£0 h>^;i/^^2 i (omcDm*^? %imm. mi s&m 

1 4C0 1 5 - 1 5S£i&o;fc»rffil2. HI 1 6f±0 1 4 CD 

1 6 - 1 6«lC}&ofcBrMI2-e»£o C0^»*JT*&, 
I2 0SKI2 1 2 0l±i:MISI2 1 6$ft 
So «6oT, »2CDas«14JK2 1 2 # fcr>±#>38fl8tt«t 
fcfe!>. 11^11412 1 l^giMttlii^^o 
H3Stt«*-r5»n4f*. SS{b@^M2 1 6f£j|il<Z)9fi 
1BI2 1 lfcStf-T* <fc^o dco^^ii, igl 
ffig£2 1 l 365 br>±»*«ttJKfc*»), £2 0&ttt£K 

2 1 2#effi3»«ffiBti:fc5o 

J0 [0 0 4 2] H17I4B14-016 l,fc»SUSlit 

2 1 lCDKfbCDfql^M WSP^tl^^^^ilHtcM 
LTSilT-»5, «2<OSa«ffiM2 1 2©»fb<Z>fRl&M 

hr>±4&arixTV^5a2 0SHKttM2 1 2©«{b©lSlS 

M2tt«fbb&v^, mi(D^m^m2 1 lcDSSfb^fSj 

[0043] e*»«i4JKT**S 
il^SttS2 1 lcD^{b©i&§cD^T% i^^SSttj^ 
2 11, 2 1 2©r^t-, ^{bornittrHbT, ffl^Afi 

afbMKSD^ia^astsfb-rsaasatttt 
«**«-rswi©»»tt*2 i l^^fb^^ifi^Mii 

^<bM20D^fqI^@^{b^nTl>Slf >lt#>& 
Batt4«*«dc-T5lB2(3!)Si«ttM2 1 2 cDK{b§^fft^ 

5^ Wutuzko £ig^-rsco#j;^o c^tsciita 
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#k S^MRS£#f#£*i5£:Jfcfc:, — X&S&fb^ 
[0 0 4 4] <*£*iJil>Sg 1 CD^aftM 2 1 1 fiVl 2 

oi6«tt«2 1 2©nt:«Ae>n3ttt»«2 i ott, ft 

^MR«ft«BaitA<»5i:J:*t, « 

[0 0 4 5 ] >*;H8-&£iJV>t\ m^e^^ 

tr>CDfqI^^«o^t a§ l©3£«ttK2 1 10»*>, 
Jfi«R2 1 O^/rlT, ai2 0)&ttffiH2 1 2£afi!)tfc 

G = G 0 ' ( 1 + PT ■ Pz' )COS5 

Pi' =[(Kit-Ku)/(Ki t +Ku)]ai 
P2' =[(K 2 t-K 2 4 f )/(K2t + K 2 4,)]a 2 
G 0 ' : H5fc«tt»rtT©«^©«RKi f. Ki|, K 2 

pr , p 2 - : saiflsttKi. 2©ws»^tr>«asjs 

Pi. P2:SS3fi»ttl«lx 2<0><hr>WffiJK (W^JXt^ 
>««*Pi' . P 2 ' <0«*3flO 

AG/G 0 =2 • Pi' • Pj' 

h >^;i/^>^^^>^^^^fb^AG/G 0 (i 

[0 0 4 6 ] TftT^sSs + JinDMZifil&^k., *tl 

<E>Wj&*tr>fiffifiPi' >P2' &'h£<fc*K MR^ 

i^, #S&;*br><gflijSPi' , p 2 ' *tr><IEiJg 
Pu P2fc:iS^#, iS^MR-£fb*#» 5>ns 0 
[0 0 4 7 ] A*'J7^f>^t;^0. 5-3eV(D$ES 

[0 0 4 8 ] A-'J7^f>'>tWl. 5-2. 5eV£> 
[0 0 4 9 ] ^>J7*f>J/^;i/tf 1 . 5-2. 5eVCD 



( 7 ) 1 0 - 2 5 5 2 3 1 

12 

«HTtt, £ 1 co^KffiM 211^:12 (SDjfittttM 2 1 

2 iiflDHt:, *gJ^M2 1 0 £;frLT. ^^L^S^SSffi 

[0 0 5 0] /^y Ttf^>^wl/#3eV£jg;t£h. ft 
[0 0 5 1 ] A''J7^f>^t;i/^0. 5eVJ: 5 

fitt. fgII2 l 0©±5-te#;£YbU t?>*-;i/#±t 

[0 0 5 2 ] &fc, ^yrtf^VS'-WI/tfO. 5 - 3 eV 
S&ttJBI2 1 2 tOHt, *fi*iJBi2 1 O^^bT, 

20 [0 0 5 3] II 8ttSSl«i4WJlB^**^TV^S»-& 

o»»-«ftast*ft*«tt*^-ria-T?»*. use 

IgffiRiSLU L 2 *s*«»f>fiS©««AH-e. M 
R£Yb*a $ «*BSMffi*^"r<i:'5 £&5o tot^ ceo 

30 [0 0 5 4] ±m<D&ot£J^V?ft ; r>z/ J r)\s*m&\. 

m&mmmz 1 o©— ah*. *fi*T-4 o-io o-c^ 
--;n«fb7;K-')Ait^^o ^frsSfbrp^ 

3&o&fc«), ±T©38i»tiBi2. 11-21 2flT*7V 

^*-r-s«i^*gi^jK2 i o*^-rssfi«(4 h >*;i/8-& 

[0 0 5 5 ] *6^JS2 1 OOffeO^tJi: ^7^E 
> HttK*K(Dianond-like carbonflt, «TDL CB'J: 
40 *k ?SSCv^y7'^7->S/^;i/**'r5ffi»cDtt 

*1JB£2 1 0^HSt^^«iT-$)§, 77X7 
CVDSTffllLfcDLCilt R+Ai:^3#*£S* 

^*6iitm2 1 0 #f#6ti£o 

[0 0 5 6 ] M.Pomerantz, J.C. Sloczewski^lf 

E.SpillerfPAJBB^bfctfPJMOCJRtt, MBESt^ 
BU&7 : E^77^-CKT?*D,"77XvCVDS'e 

ftiiuftDLCikaaas. Ricwttt, 7^77 

5^ ©1?ft5A$, *«W©DL CJRJiHsRi:*** 5 *^ h!7 




(8 

13 

[0 0 5 7 ] Si:, &fi££fc h >*;ug^95 2 1 co^-^Sd 

o 

[0 0 5 8 ] <^m« l >Kiisat*ji^T. ®fbr;i/ 

S = £AJKT-fcSlfii»IB2 1 0«U 7;K-^AI$^ 

Lfco >*;i/S^©a^ffltt«iO'. 25-25 

0 0 /^m 2 i: L^o 

[0 0 5 9 ] ±j£L£S^ffi«*#o&tttife h >*;i/g 70 

[0 0 6 0 ] S 1(Z)MHB{£1K2 1 1 tit, Mi? 

1 OnmCDNigoFe2oK*RF^/<^^ffiTJSEiH[l>N U^* 

MXfiW£fl?^T. 0. 5-5 0//mx0. 5mm£)& 

[0 0 6 1 ] l^** hy^--></£;fc::& £0 

IV il©ilftI2 1 1 ^^J5g-r^Ni 8 oFe 2 oJ^^^ffl 

[0 0 6 2 ] *>r;i/*HfflSK»««^6«l5 

tBUT, ^S,*«C*JV^T 6 0'C. 2 4«fHO*«t31*fT 

-^AKT*fc**5«Bt2 1 O^^jeSU^o 
[0 0 6 3 ] fftfl/S;^ - — 

SB2®3fi««felBt2 1 2 0 0nm©C 

Di?^^gt, *lcD3MKttiR2 1 1 i:iBft*|q|t0. 
5 — 5 0/zmx0. 5mm©ffi^tt^->*fST3»2© 
Bl«ttM2 1 2*mfiEUfco £*i£J; 5, S£-ffl*0 . 

2 5- 2 5 0 0 um 2 <D&M& h >*;i/g^#« ft tlfco 
[0 0 6 4 ] (fefefliV^tlT^sa 

HAH) £*g*iJBI2 1 OhLfcNi 80 Fe 2 o/SHbT;i/^ - 




*$fPB¥ 1 0 - 2 5 5 2 3 1 
14 

^A/c o&M& V >*;i/»^*|5iat:fP«(Ufco 
[0 0 6 5 ] ||flB«arJflttt«{c*5l^T»ffl*tl&S 1 
(D*§iMt$§l2 1 l*J<tV»2©SSKf4JK2 1 2<D!&m0k 

?'J3iffi^3 x 1 0" 5 Pa. IfMO. 0 5 nm/secTff 

[ 0 0 6 6 ] <3fi«ttlKfiSJ«lllff> 
SifilEE* : 1 x r0" 5 Pa 
^-y^h:Ni-2 0at%Fe ( 4 >f >^0) 
: Ar 5sccm 
: 0 . 5Pa 
SA^7- : 1 SOW 

U — h : Ni8oFe2 0, 4 5 nm/miiu Co 4 0nm/min 

seas : tK^ 

ffiT-^affiinC (MR) ffl»*a)^Ufco 3&*5x ate^© 
a*8iftHB»<4± IkOei: U N - 1 kOe0^K»*BJS^£^^' 
fc<Z>^>^ (C^cS < It + lk0e*7?*»W\ « 
15- 1 kOe^ML^o M'J7#rV^t;H4h> 

[ 0 0 6 7 ] 0 1 9 (:*^0^l:i5g^IS5 0x50 

««*- IkOeJ: < UTU< +5 0e{d*5^ 

ts % lcDSfittt£JH2 1 l©ttfbRlE##c: D> S§1© 
^®tt^2 1 1 aS2(DiiB1£M2 1 2©*fcT>#K¥ 
?T igS^^^I < 7* V 7^^> v 

^;i/£3c#>£SigJ!IO . 5eVT-&tK {M8L&2 O^CO? 
% 1 effllC*JV^TPla©MRffl^ii3& s f#&tLfco MRgft 
*tt6. 6-8. 1%T*&»K MR£fb*©¥i9ffitt 

[0 0 6 81 -s, a«»fbr;u^ = ^AJM*il6««2 
1 0 fcbfcJt««©3a»tth >*;u»-&ic*^Ttt. A 
'J7^f>^f;W40. 2eVUM^n3&^ofe 0 * 
fc. 4fflL3fcMRfflS*HR«!|-Ct'*\ MRgfb^¥i9fB 



15 



(9) 



10-255231 

16 





(60t"C 

mm 




(eV) 


MR«fb* 


#@5*) 




06) 


era**) 


1 - 1 


mil 


50x50 


0,5 


7.8 


±7 


16 


1-2 




20x20 


1.0 


7.5 


±8 


15 


1-3 




10 x 10 


0.9 


ao 


±6 


16 


1-4 




5x5 


0.7 


7.9 


±8 


14 


1-5 


* 


4X4 


1.2 


8J2 


± 10 


14 


1-6 




3x3 


1.5 


a4 


±9 


19 


1-7 




2x2 


ao 




± 11 


15 


1-8 




I x 1 


2,5 


a3 


±6 


18 


1-9 




O5X0.5 


2.3 


as 


± 10 


19 


311-2 








(eV) 






w-mm 
{%) 


(96) 


1 - 1 




50x50 


0.2 


1.5 


±88 


4 


1-2 




20 x 20 


0.2 


1.6 


±78 


5 


1-3 




10 x 10 


0.05 


1.5 


±75 


4 


1 -4 




5X5 


0.2 


1.7 


±B0 


6 


1-5 


0 


4X4 


0.1 


1.8 


±65 


6 


1-6 


m 


3X3 


0.2 


1.5 


±72 


6 


1 -7 




2X2 


03 


22 


±74 


7 


1-8 




1 x 1 


0.1 


IB 


±70 


5 


1-9 


* 


0.5 x 0.5 


0.3 


2.0 


±85 


6 



[0069] Sl*&W5)A»6J:5l: N 0 'CKh 

5Q*S C <£ DMLfcl{b7;K^^Al^|^l 2 1 0 
£ LX&m^&Z £IZ& *K 0. 5-3eVCDiSW\-y T J0 
#^>5'*;i/i:KUMR£fb** $ » £*U b "3 

>->-WU#l. 5-2. SeV(D£ t> #S5V^ £ 

fc. 3 0-2 5 0'C©iHJKISHT->ca4 3 J»f«iabT»& 
nfc«flsr;i/^-»>Alltlfi«lR2 1 0 t bfcSfttttth 

fc. 

[ 0 0 7 0 ] <ft«ft2>ffil®3MKt£ffi2 HBCo 40 
- 5 0%at£«fc-oT«J«U »20)3a«ttJK2 1 2I4C 
oS3<tVie«JH2 1 O^DLCiiaotMb^o Co 
5oFe 5 o/DLC/Co^S h >*;HS**f1MR U SI 1 © 
3t«ttM 2 1 1 CDKJSI* 1 0 nms mi <D&M&m 2 1 2 
£>®j/f 5 nmtc b£o 0. 25-2500// 

■ 2 i:Ufc. «!CDSIttttK2 1 1 AtFlB 2 CDSfittttM 2 



1 2{tmmmi hii^stMUco ieKM.2 1 o 

[0 0 7 1 ] <DLCMI*fr> 
SOiiffi* : 2 x 1 0" 3 Pa 
a^A^f^ : > 5 seem 

: 3 . 5 Pa 
RF^7- : 5 OW 

: - 1 5 0 V 
]s — h : 10 nm/min 

2 1 0 h LfcCo5oFeso/ftfbT;i/^-">A/Co3ilKffi 

[0072] ±tmmm&v&$&&\(Dy->7'Mz-D^ 
Ts iaa4aiB^ftfMR«Ftt4aisu-r»e)nfc««* 

2 — 2<CjRfo 



17 



(10) 
S2-1 



ftffi* 1 0 
18 



2 5 5 2 3 1 













mm 






V -f A* 
(eV) 


(«) 


(%) 


2 - 1 


DLC 


50^60 


1.2 


18.9 


±12 


16 


2-2 




20X20 


1.0 


18.5 


±15 


15 


2-3 




10 x 10 


0.8 


18.1 


±13 


16 


2-4 




5x5 


1.0 


19.0 


±16 


14 


2-6 




4X4 


1.2 


19.8 


± 12 


14 


2-6 


* 


3X3 


1,5 


20.4 


± 12 


18 


2-7 




2x2 


1.8 


20.3 


± 11 


19 


2-8 


* 


1 xi 


2,7 


19.3 


±11 


16 


2-9 


0 


0.5 x 0.5 




20.5 


±10 


19 


312-2 






















CeV) 


W) 


(96) 




mm 


2-1 




50 x 50 


0.2 


33 


±82 


5 


2-2 




20 x 20 


0.2 


1.6 


±75 


6 


2-3 




10 x 10 


0.1 


XJ5 




±60 


5 


2-4 




5X5 


0.2 


1.7 


±56 


4 


2-5 




4X4 


0.06 


1.8 


±77 


5 


2-6 




3X3 


0.1 


1.5 


±56 


6 


2-7 




2X2 


0.4 


22, 


±60 


6 


2-8 




1 x 1 


0.3 


IS 


±70 


7 


2-9 


( 


).5 x 0.5 


0.4 


2X> 


±60 


7 



[0 0 7 3] I2^f,B^^U^:, 7?X7CVD 

#»6*iSCi:#i>*»So Wilt #^8fiW:: 

ffif 5 0 x 5 0 /zm 2 CDif >^*;i/fcoi^T, fPSUfe 2 0 

i smT-MRmm&mztitzo mrm$© 

¥*3fflt± 18. 9 %T% *fb*CD«e>^£J4± 1 2 XT 
1. 5-2. 5eVOi:&«Ftc*H?)i&JiS5^ofco CtUc: 

->^;Utt/J^<, 5fflb*»MRtt«*s«»!l7?*-}\ MR 40 

[0 0 7 4] S$ffl«fcEte?B»fc©gMRfc-^ 

*£i:tt«££ftT^3. Sl*jJ:zFa2*&t)3&»SJ: 

«*M**^«*ifMRgSfb*ttift < , e w 

'i%t>ti%o &\ZJ*V7>1£tIs 9 s*)]/\ . 5 — 2. 5eV0> 
4:Sfc#S!>#i«<fcS. 50 



[0 0 7 5 ] HI 9i:^tSSHab, IP*,, £ 

l<9^«ttjg£2 1 l©»fb#Sfcrs«»#, *©#IrJ 

0>uin 2 J; D/J\£ <^'j7#f>'>t;^ 1 . 5-2. 5 
eVOfcS, ^M(;^tIl©MttK2 1Ui2 
<9&«£ttJB£2 1 2<OS-^©«fb35 s K¥ffttJBJC^5o - 

^fcift^MRgfb^iiiS&v^Bf; D #f#£tL££>&, IS 
-T?br>*-;i/©^«jc/^3&^ttSIB2 1 0*flHn ^ 

- 7RXf^mm 2-8 cfc 5 S<&ffi«#l 0 ju 

[0 0 7 6 ] <«fbfia*av»E»j»©«fffl>iai 4- 

B17lc«L3t*««lfH:, IB 2 £>^®teM 2 1 2 <D± 
MftiSR2 16tiiii:«[:, mKD&m&m2 
1 l<Dffitt£«gfflflllR2 14,21 StfRtt^ftT^ 
So Kot, »E»J»Srf«fbH^©M*C!)^«^»e) 

[oo7 7]#:ic N *ftwizmz&m& h >*;wk£- 
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[0 0 7 8] 12 0Ji##^£«S»§l^* KCD^HSia 

;i/S^SBgS8S*?fc»t5) 2 k, 
— ;i/SB 11. 12ltL, ii, 12 

11, 1 2l±2#iC|Be>&^o 1 ~~3;*;<Dl/-•;t,g^$£;^^ 
[0 0 7 9 ]1^^2, 3&, l^-;USPl 1, 1 
2 (D-X £tc.t*mm<Dm&&MJj\*l a. I <Z>«fSB£i8l*$> 

^^2 {Cg«#nfc«lt)fflL»ffi4 1, 4 2MIS^ 
&m?3 izmWtZilfzm*) fcBL»B6 4 3. 4 4#i&tt£ 
ftTM£o 

[0 0 8 0 ] 12 lliBI2 0t^Ufc«a^y KOia 

f3Btsa**fT*s. »»tth>*;u»^ai»« 

«j8t5t7^^a«:i o i ©±£iat*£ftfc»««i 

1 0 2©±£«Jl£tiT^5 0 Hr^ y *Sflcl 0 1 

Al 2 0 3 -TiC^«j58*tlSo Al 2 0 3 -TiCtt#« 

3T*&£*6gimi 0 2 tfiftmZtlX^Zo v&m 

ft i o i ASiev^ttattssfsa-e-ji, mmm 1 o 2 & 

[ 0 0 8 1 ] m 2 2 ttjStttffi h 

24 f*H 232)24-2 4 ittfc:»ofc»ffflHT»«. & 

h >*;us^s»«£»*?2tt, 
S£"S2 Bl~B4fc*bfc«Sttia»fll 
S^k^KtttcH^fcotfffl^fcftT^So IP*>, 

&h>*)um&mmm t mmm?2{^ ss««h>*;u» 

£*3S2 lk, «£1R2 2, 2 3 k£^, *^>f ^ 1© 
-^*mt&TZ*&M3Lmm2 4, 2 5 i:J:oT5}$?n 
TV*S. ii«tth>*;W»^SB2 lfct, *6flMR2 1 0 
k, mi<D&M&m2 1 1 k, R2®aB(SR2 1 2 k 
*SA/t-^5o £ 1 <D&M&m2 1 1 hl2©MM 

2 1 2k&, mmm2 1 o*^bT«**tiTMs. a 

EfOTPSI 2 14, 2 15(t II (Dftm&m 2 1 1 CDf^ 
tfSfc««LT«»tt&ftT^3. j 



(ID 1 0 - 2 5 5 2 3 1 
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[0 0 8 2 ] 2 2, 2 3 lt Si <9m«iJgl 2 2 

k, ^2cDm@JK2 3 k£^A,T*^3 0 Il©fiI2 
2 tt« 1 <Z>«Bt£gI 2 1 1 IcS^ft, I 2 fiDS«iJR 2 
3tt»2©3iSH4JK2 1 2ta8ShtM5 0 
[0 0 8 3 ] Ctl6©»l©«««2 2av*2©«i 
I2 3it ABSI13 (SfcliM) £8fcHbfc^<fc 

5£Sf*«>ftT^£o fcoi^^iiiT, mmrnr- 

SfflKtt f*>*;H8d8B2 1©«I^ABSI1 3 
(*tlil4) CffiB*** ^lcom®JK2 2 

70 au f *2 0«ffi«2 3*. ai»|Sh>*;i/S$32 1© 
ft«!OfiltSAB SI13 (SfeliM) ^ 
PHD 1 «(taii*^T*5o 
[0 0 8 4] Mfi h >*;ba6SB««»*? 2 
T»«as/-;uK«5 1 ±3BSO-;i/KK5 2 k 
<Z>B5£:fe^"t\ *6«3£f$JK2 4, 2 5<Z>|*|gBfc:K«Sft 
TV^So TaSM^->»;i/ K15 1 tt-fe^ S y 1 0 

1 t»«t&tifcJ»»«l 0 2©±JC{>t»#tv, «SS£«r 

j^2 4«4Tffl«a'>— ;i/h*i5 i ©±(cw*$nT^ 

£0 [0 0 8 5 ] ±m<D£?lZ^ ABSS1 3 (Sfctt 1 

4 ) izm i ©mast 2 2 svs 2 ©msis? 2 3 u 
^^Mctsch^a^ Tgsaa^-;i/KJK5 is 

tf±95S££l->-;i/ KjK 5 2 k, ^Btt h >^ii/g^ll 
M^^^^2, S1©«SJH2 2SrJf»2-to«ffi 

123 t©Hts 5 £ < < & 

£ ft 5 k o o 
[0 0 8 6 ] L2>>&, ABSB13 (Sfcfcfcl4) tc* 

2 k, ««g5i:5asK»tth>*;i/S^'a2 1 ko^co 

[0 0 8 7] M2 1 #£JK?fcfc358«tt h 

2 i:#tS±«B»*>-^ KJH4*Ja 
T^5TS»tt«5 2, ±3J^ffiJ^3 2, ^J^;i/jK3 
3, 7;Kt?f^5^t77I3 4, JK^vZWM 
*®««»JBT«l«*ftfcJfiSli«3 5S^^;i/^7"^T- 
^ 3&5«»M3 6«££T**LT^-5o TSB«tt«5 2M 
±MttI3 2©^i«gB<ieS/hff^(3D^^^rM3 4^ 
IHTT»lR|-rs.TW^-;i/SP lSt>*±a5^t-;ua3P 2 
^^T^D, T^^-;ugiiP 1 ZW±3Jtf-;i/g(SP 2 
H*^T»Sa*4ffac5. TSBSS«M5 2J5W±35i& 

» ^;I/«13 3®^Sg(4, ^t)ffibm^4 3, 4 4£a#ii2 
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So 

[0 0 8 8 ] El 2 5 ii&g&tt b > ^Jim^^Mm.^M 

SB2 1 CD*8iI#, SI 1 0-01 2 tc^bfcBM«ift»S 

h >*;i/S'-&SS-2- 1 tt. i&WJSI2 1 0-fc\ S 1 
(4JR2 1 1 4:, !f!2(Z)&«gttjg|2 1 2^tU*l^o 
SlO»ttttiR2 1 1 ti2^1M2 1 2 4: (4, IB 
iI2 1 0£^UT«/f 2tlT^& 0 1 
4. 2 1 5«\ »2©anKttJM2 1 2 ©jaoaUfSBfcilSS b 

[0 0 8 9 ] HI 2 6ii«-fbH«JK2 1 6#Stt6ftT^ 

T, SI 2 2-H 2 4 4:p|— ©«fiEa»ttP-©#S9W-^ 
*;u»^S!Ba**3R : F2J±, as«tthv*;i/»«'»2 

1 m 1 4 -hi 6 iztf bfcaaffiKSft**^' 
>^;uS^Ma^^tfe^ : ?2(i, »«ttb>*;t/«£-ffl 

2 1fc, ««iJK22s 23i:*S^ 
^Mt5l615^i2 4, 2 5 tCcfcoT^^tlT^ 

So sfi«tth>*;i/«^»2 nz, mmm2 iot, m 

l©ilM2 1 1 ^2©MM2 1 2 h£^/u 
tl^, Sl(D3iBSB(2 1 1 hm2<D&m&m2 1 2 

12 14, 2 1 5 {4. fglCD3a«8ffiK2 1 

i*fiLT»w-£tiT^3o m<tm^m2 1 6te!g2©& 
84S1R2 l 2o±t:»it 

[0 0 9 0 ] ««K 2 2, 2 3lt II ©««R 2 2 

£2<Z)«&M2 3 i:**A/T?^3. £§l©1tfigjSI2 
2 1 ©SSSSttK 2 1 1 £SK£*U I 2 ©mfiSJgt 2 
3fcMK{bB;£lR2 1 6*^LTJB2cDSS«ttBt2 1 2 lz 

[0 0 9 1 ] <IO£#J3 >^J£#J 1 tCJ;SNi 80 Fe 2 o/^ 
bfc. *HlB«T?ttai©3HBttflt2 1 l£Ni 8 oFe 

20 L *H©*»K2 i o*SMMb7vu^«. m2co 
SSBI4IK2 12*CoIi:U £^©JilJPtt, Ni 8 oFe 2 o 
JRffa2 0nm. SfbTVU S 5 nm, C o jglJS (i 5 nm 

T&BJi-rSo M*3 0/£Bior;U5^IBI»«l 0 

2#JfcJ5g2*i£Al20 3 -TiC^ffi 1 0 1 (B5sl/fc^) ± 




(12) ^18^ 1 0 - 2 5 5 2 3 1 
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fCTSflfi&^> — ;i/ KM 5 1 i: LT, DC7^^M* 

m'&y * v y v&^r/Ar^v^^v^tciJ; osts 

[ 0 0 9 2 ] #£C©±£T3©««£#JR2 4 h UT 

fiEU iut, il©IiI22i:LT, 

- - >^ N T a ( 1 0 nm)/ C u ( 1 0 0 nm)/T a ( 1 

[0 0 9 3 ] 2 Onm©Ni 8 oFe20$tT-&£3l 1 

C0^attM2 1 1, Mff 5nm(Z)|»»fb^;U^^KT-3&5 
ffl©«3gl2 1 0*<trJ c iI5nm(OCoIB-e&5«2 
©SSHBfliBt 2 1 2 ^illfeM h >*^&-& 2 1 * 

[0 0 9 4 ] if, l©m^J^2 2(D±£.UiSZ 
20 »l©3S»ffiK2 1 1 kbTNijoFe 

20 (MJP2 Onm)K*RF;*yW*ffiT?«»*fiEM£«fc 

fee ^©|£, 6 0°C, 2 4 5SH©*Ma 

^*AKTft5»fi8«2 1 0*JBfiKUfco fit, ^ 
©±«c. SatE»J»M2 1 4, 2 1 5 *J&JiS-r&3#*Rfc 

(2 0nm)/jBfK{br;i/^-»>AM(5nm)*Ar Y^V^ 
»Tii 0 W 9 o( 5nm)/B!HSS«ttJiCo8oPt2o( 1 5nm)*D 

m\2.mmm2 1 4, 2i5esbfco 

iicfcvu^ MHJ«li:J; * l ©^®ttj^2 l l, * 

n©«sK 2 1 0 tm^mm 214, 215 ^m^© 

[0 0 9 5 ] fi»S6±ffl««K2 1 3 £ff$5£-r£ 

jB«-r^*s»«(Sh>*;v«^ffl^2 

(gi?5 0nm)4fi8J«Ufc©*{ci/S;^ F^'J7h^7 
b, ffi«B6itffiie«K2 1 3 4»J«Lft. fi*BSJhffl* 

i^M2 13(4, aieh>^^-&M2i$is©^ 

;u«aE^aE*i4t^«fc 5 t-T -5 Ciii:, Il©m®JK2 2 

2 (ommm 2 3 ©*g^, sivs 1 <D&m&m 2 1 

1 tm2(D&M&m2 1 2 

f LT, ^2co^ttJK2 1 2 TkMWL~t ZfclbVV X V 
yt^-->^«ffw *2©3SattlRffli:l>TIB*l 0 
5^ nmcoColi*RF^yty^jS-e«»*fi£JHU. 'J7h* 
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[0096] mz, m<m^m2 1 6 tm2<Dnmm2 

t)|»*UT, «»W5&»2CD3S»ttJ»2 1 2©J8tJ£#5 
nmiCfcSi-McU «i^T. PtMn( 1 5nm)/T a( 1 On 
m)/Cu( 1 0 0nm)/T a( 1 0 nm)§l£ D C 9 & 

T-»R/SJBU -U 7 h^7ffiT-PtHn«fbBSJB2 1 6 h 
f 2 0tlI2 3^Mlfco ft *\ T a( 1 0iun)tt:7 

[0 0 9 7] RF/W7^^^^atlf 8 0 

nn©7;u^l«*fifcIBtU ±SR©»i»£i$JM 2 5 *JBfiE 

bfco ±SB»a2/-;u 2 i: UTNiFeJS(M 

JS2 ^m)*D C^y^y ^JST-fMiu 7 * h y V # <fc 

f* 1 >um:fc<fcTfMR/W Mi 1 //m, M R zs—Jl Fmmit 
0 . 19 jumt Ufeo 

[0 0 9 8] IEMM^L^oIMa^ Kii, m 
l©a«SI2 1 1 ilifEg^JK2 1 0*U 7 b3f7ST3f 

»Ktft#-rs»^i:*J«: bT*&So 
[0 0 9 9 ] W±© J: o fctfUH b &B£ ffl»SU6ia*&S 

»EfM»IK*tt#bfc«M^y K©MRffl«(aSS« 
»:± 4 00e)«, HI 2 9 £«E9J»JR*fif^ b# 

h'te;* A-X&MRffil£#f# 

[0 1 0 0] 0 3 0li»KM»R4^#L3feIg^ 7 h' 
©m*ifi}g*^b. 03 1 tt«ESJ»«*f*#b&^« 

»JK*tt^bT^&U«Si^j/ Kfcfc>*-;*^ v#gfb 
bfc »K HJ^iHItffEfbbfc & It^m*. £^ ^ 

[o i o i ] ^±©e**6> «K»jw«*f*-*-rsc: 
iitccfct), sscje-ev'f x©«si^MRffl«^ai*«JBAs» 

[0 10 2] <^fli«4>*M**Wfc:«S»»^^ K 
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[0103] <##9|<3!>»§l^y K>^fflS0»J 2 £ cfc£Co 
Fe/DLC/Co^m^ h >iMl/«^*«^»Jfift»fBI£ffl 

t£*<E>NiFe§| (AMR) mm t ? 2>M 

^Ttt, & lco^^SJ^2 1 lttCo-5 0at%Fe, f& 
2CDSH4I2 1 2«Co"JK. *H'©«Sffit2 1 0£D 

Lcitifco ccoh^. $i<z>3MB<£iR2 i icomm 

10 filSnnu ^2co^attJ^2 1 2(DWkm±2 Omu 
©ttSJB 2 10 ©JHJSfi 5 nmh bfc„ 
[0 10 4] «£t^* H©ft8Sai:^WjiE^ 

KKSTJBfiKLfco T»««3£RfK2 4®MPtt 1 0 0 
nnu ±aJ©*g^^^JK2 5cr)J^J?iil 2 Onmhb, MR 
'>-;i/FHBtt0. 2 6/zm^bfeo 3SKfS h > 

^ 1 /^mii^S £ a £ bfco 
£0 [0105] ^tD«. 021 fcr^-Tcfc O X^Hlv 

[0106] <«C0AMR1^a^ K : Jt««l>Jt« 
(Dfctf), S AL^^>f T^*iCC!)NiFeM*aSafiln;3»»J« 
^ b7^. h7^Bl/zn, MR>'^^^l/iIn^ MR v- 
;t/h*P^Pi0. 2 6 jum&mSL^v FsbfPSbfco f^^!^ 
iSS^Tt^-To TSS©j«)g^«Fl«2 4S-ett2|s:*WtD 

T8B©»ft«£fiFSt2 4*JBfiEb&«, SALSai 
TNi 7 3Fei 8 Rh 9 J^ (Kill Onm), «^«JKi: bT T a 
K (Mff8nm), MRli: bTNi8oFe 2 o 1 7iun), 

«B«i:bTMi:b-CTaBl («JP5nn)*D C^^v 

^o^tti-Unxbfco ^cd^, »E»J»Mi: bTTiioW 
90 ( 1 Onm)/Co 8 oPt2o( 5 0 nmK tMi:lTTa(l 
Oni)/Cu( 1 0 0nm)/T a( 1 0nm)^D C^^^y^ 

Xb^o ^co^. ±SB©lfia3fcfifM2 5©JBfi8A»6(4* 

[0 10 7] fMJbfcKSl^* K*M^T. M^f2 5 
0 OOe, Mj?5 0nmOSS«ffi»«Efls:^fi ^^IB^B^ 
U t±i^^<£^^feo ^CD^v [U 3 2 ^^-Tct o 

[0108] 03 3 h ^ >y P^^tc & (DS^tli^ 

i:IB»iBJKi:OB8«**-r0"e»So ft«L3tt*«B8 

5^ tt»L 4ttittt«i: btffHbfc. ^*©AMRH^ffi 
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[0109] 

(a) iavAMR^fh**»sc:i:©T-#s«aais;«jm 

[HI] **Wk:«5»«aK;SBjR3lt?ft«5S:Wt:^-r 

[02] H 1©2 - 2iBtj&ofc»fffiHt»»S. 
[13] HI© 3 - 3«£i&ofc»nfiH-e»£o 

[B4i mi-msizTTsLtzmuntAW^mTvvy* 

[0 5] *«W^«5BS«aia»«»?©J3iJCDllJIBW* 

[H6] B5<Z)6-6«K:i&o&KHBt?as. 

[0 7] **Wfc«S«ft»*tSs!l**^OSaa)^flfi«* 

[18] gAStt1£MK:ffifta^7£DlKir3itt1£K«ffl 

&»^©«»-«f«sifi; (mr) ***-rH-e 

S o 

[19] i*»«tt«*«kVtr>±a&38*ttlRcDiW# 

■rat?* So 

[HI 0] *»flt«S««aiftj»**?^*5«-«5ft« 

h > * ;»/ s^sb o su © « * *- m m 0 -c $> s • 
[Hi i] Hioooi 1-1 imzwt^frmmmx-& 

So 

[012] B10O12-1 2i»tc}eofc»fBB0-C* 

So 

[113] 110-11 2fcSLfcK««m»*3K : P© 
[HI 4] *^H|l:«^l^ iy h>*;u« 
[B15] B14C15-1 5»lCi&ofc»fffiBlT?* 

So 

[116] B14©16-1 6«fci&ofclBrffiIH-l?* 

So 

[HI 7] HI 4 -HI 6 fcipLfcttStSJB***?© 
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[HI 8] S3a«ttWJB^*aUTl^S»^C0«E»-« 
S,SiasEft*iRf«*^-rHT*S- 
[B19] a^ffi© 5 0 x 5 0 um 2 (D&M& b >*;i/» 

[B2o] ^wtc^saaaiafflssi^i^tfiKM^ 

[02 1] 12 0 Izfr^tzM^y Kcoa^SSIsR^ffl 

[02 2] 02 OM0 2 1 lc^bft»$t^y F©MR 
10 IB^^ailR^ffl^iJDffl^WffiHT-ftSo 

[02 3] 02 2£^bfcMR»§t£&3R^S#©ifi* 
»HSH7?*So 
[024] 023CD24-2 4 ttlci&o fcBfffiHTft 

So 

[025] MRaa^aiR^osuowiJS-rwfflH-eft 

So 

[02 6] »fbH*«tf»»6tLT^S»^OSft«ttb 

[02 7] 0 2 6 izfr^tzfeMte h >*;i/ig-&Sffi£fl£ 
[0 2 8] «K»J»M*f>f#L/fe»a^y F©MR|ft« 

[02 9] BEffl»«*ftf#b3&V^»a^y KCOMRffl 
«*^"THT?*S 0 

[030] SESPi^f^bfci^^ Y<omtsWLm 

[03 1 ] «K»]»JK4N-4-b^t^«a^y K©tH*« 

[03 2] 5fc«ffib>*;M»^*^fc*#Wfc«3« 

KcZ)ii4*a}B*S-rHT?ft5. 
[03 3 ] *»Wt:«saS«^y Hi:. «£*©»a^y 

Jg£cD5i^£. it^UT^f 0T&So 

1 ^7>f^ 

4 X« 
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2 11 ' JS 1 <2&«&ftJBi 

2 12 JB 2 ©SiSSttiBI 
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